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(57) Abstract 

A procedure for the routine preparation in closed system and storage in a medium made of nauiral colloid (plasma) and 
crystalloid solution of PC deprived of leukocytes, which is based on a quadruple blood bag (PB) containing CPD anticoagulant, 
an empty satellite bag (SI), a satellite bag (S2) containing a synthetic crystalloid solution, a satellite bag with SAGM (or similar) 
additive solution for red blood cells (RBC), consisting in collecting the blood in the primary bag (PB), in centrifuging the blood 
bag at high speed, in expressing the supernatant plasma into bag (S I), in collecting 1 5-20 mL of the buff^MCoatjCBQ into bag (32), 
in adding the SAGM solution of bag (S3) into bag (PB) containing the RBC concentrate, in disconnecSHg bags (PB) and (SI) 
from bags (S2) and (S3), in centrifuging bag (S2) at soft spin and in transferring the supernatant platelet concentrate (PLP-PC) 
formed after this centrifugation into the empty bag (S3), through a cotton wool filter (F) inserted along the tube line so as to re- 
move residual leukocytes which contaminate the PC. 
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Procedure and container for the preparation and 
storage of platelet concentrates. 

This invention relates to a procedure for the routine preparation 
in closed system of platelet concentrates (PC) deprived of 
leukocytes and stored in a nedium consisting of a mixture of 
natural colloid (plasma) and of crystalloid solution (called 
5 thereafter •'medium"), and in particular for PC storage. 
Standard RBC concentrates and PC, prepared by serial 
centrifugation from multiple bags and storage in a natural colloid 
medium (plasma), are contaminated with plasma and leukocytes, 
which can "determine acute and chronic side-effects in transfusion 
10 recipients* 

The transfusion of platelet concentrates (PC) is necessary for 
preventing the risk of hemorrhage in patients with low platelet 
count ( thrombocytopenia ) • 

Routine production of blood components (RBC and PC) with higher 
15 purity is hampered by technical difficulties concerning 
particularly the separation and storage of blood cells. 
Presently available methods for preparing PC are based on soft 
spin of whole blood donations, the collection of piateiet-rich- 
plasma, and the concentration of platelets in 50 mL plasma by high 
20 speed centrifugation. Such PC can be stored for a maximum of 5 
days. A different approach is the collection of buffy-coats (EC) 
of whole blood donations (the EC is the layer formed at the red 
blood cell-plasma interface after whole blood high-spedd 
centrifugation), followed by soft spin of the BC and collection of 
25 platelets in the supernatant. The principal untoward effect of PC 
transfusion is the production of alloanti bodies by PC recipients, 
caused by leukocytes which contaminate the PC. Moreover, allergic 
reactions to plasma proteins can occur. 

To prevent these complications and to improve the quality of 
30 platelet transfusion the invention described below was developed. 
The aim of this invention is to remove this difficulty by means of 
a procedure for blood fractionation allowing the routine 
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production and storage in closed system of pias»a- ind leukocyte- 
poor RBC concentrates (PLP-RBC. ie BBC containing less than lOX of 
donated plasma and less than 30X of donated leukocytes), and of 
plasma- and leukocyte-poor platelet concentrates (PLP-PC, ie PC in 
5 a medium containing about 15-40X plasma, and free of leukocytes 
detectable by microscope counting). 

In the procedure reported in this invention an additive BBC 
solution is used (SAGM or similar), in addition to a synthetic 
crystalloi-a solution which is added to the platelets so as to 

10 Improve their quality and prolong storage to about 10 days. 

The above crystalloid solution is preferably made (considering, 
for example, a volume of 40 mL) of 5.26 g sodium chloride; 2.22 g 
sodium acetate; 5.02 g sodium gluconate; 0.37 g potassium 
chloride; 0.14 g magnesium chloride; for IV use qs to 1.000 

15 mL. pH 7.4 ± 0.1. It must be emphasized that this solution is very 
similar to one of the crystalloid solutions reported in the 
patents issued under the names of Gail Ann Rock and George Adams 
(Canada. Plasma-free medium for platelet storage, application. Nov 
1. 1982. 414.583; USA, Plasma-free medium for platelet storage, 

20 Pat 4.447.415; Europe. Plasma-free medium for platelet storage, 
Granted May 16. 1984 - 0108588. Oct 31. 1983. 83306631.9; Canada, 
Improved plasma-free medium for platelet storage, application, 
July 20. 1984. 459.369); hovever. in the invention described here 
the quality of platelets is improved since the crystalloid 

25 solution is fortified with an amount of plasma derived fro. the 
BC; this amount is between 10 and 40X of the final medium, 
preferably 20-30X. 

The procedure is carried out with a multiple bag, preferably a 
quadruple bag consisting of a primary bag and 3 satellite bags. 
30 After high speed centrifugation, the blood contained in the 
primary bag is separated into a red blood cell button and 
supernatant plasma; this latter is transferred into one of the 
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satellite bags, while the SAGM solution is added to the primary 
bag for red blood ceil storage, after removing an amount of the 
buffy-coat (BC) layer, which is the layer between red blood cells 
and plasma, a layer enriched of platelets. The buffy-coat is 
5 transferred into a second satellite bag containing the crystalloid 
solution and, after a soft spin, the supernatant platelet 
concentrate is transferred in the third, empty satellite bag. 
through a cotton wool filter inserted along the tubing, which is 
capable of removing residual leukocytes which contaminate the 
10 platelet concentrate. A platelet concentrate prepared according to 
this method can be stored for about 10 days in this bag. which is 
made of plastic material with gas exchange characteristics similar 
to those of polyolefin. 

The above procedure and bag system for the preparation of platelet 
15 concentrates from buffy-coats (BC) and their storage in a 
crystalloid colloid medium can be used also with BC prepared with 
standard blood bag systems, by mixing 6-8 BC in a transfer bag 
containing an appropriate amount of the above crystalloid 
solution. After a soft spin, the supernatant, containing the 
20 platelets, is transferred through a cotton wool filter into a new 
transfer bag where it is stored. 

The procedure derived from this invention is now described, just 
for the sake of example, and with no limitation to its 
implementation, with the aid of enclosed fig. 2 through 5, which 
25 describe the procedure steps, as performed with a quadruple blood 
bag, for the preparation and storage of PLP-PC and PLP-RBC from a 
blood donation. 

The multiple blood bag consists of a primary bag PB and of 3 
satellite bags SI, 32, S3, integrally connected to each other with 
30 flexible plastic tubes. 

The primary bag PB contains CPD (citrate-phosphate-dextrose) 
anticoagulant, the satellite bag SI is empty, the satellite bag 
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S2, which is cylinder-shaped and has a volu«e of 40-60 .L, 
contains 40 aL of crystalloid solution, the satellite bag S3 
contains the SAGM red blood ceil additive solution, and is aade of 
plastice material with gas permeability characteristics similar to 
5 polyolefin. Along the tube connecting bags S2 and S3 a small (2-3 
g) cotton wool filter is inserted. 

The procedure regarding this invention is carried out as described 
below. 

The blood^donation is collected in the primary bag PB through a 
10 collection line I, at one end of which the blood collection needle 
is attached? and mixed with the CPD anticoagulant (fig. i). The 
blood collected in the primary bag PB is centrifuged at high 
speed, e.g. 3,800 rpm for 4 min in a Sorvall RC-3B centrifuge. 
After this centrifugation, plasma- and leukocyte-poor red blood 
15 cells are concentrated in the lower part of the primary bag PB, 
the supernatant plasma is contained in the higher part of the bag, 
and in the layer between plasma and red blood cells the vast 
majority of platelets are concentrated. This small layer, enriched 
of platelets, which separated red blood cells from supernatant 
20 plasma is defined "buffy-coat" (BC)(fig. 2). 

The supernatant plasma (except for about 30 mL) is expressed into 
and stored in satellite bag S2, which is diconnected from the 
other bags (fig.2). 

A total of 25-50 mL of BC are then collected, which contain about 
25 5 g hemoglobin, 80% of donated platelets, 50X of donated 

leukocytes and 20-40 mL plasma, and expressed into satellite bag 

S2, which contain the crystalloid medium (fig. 3). 

Preferably, the crystalloid solution contained in satellite bag S3 

has the following composition (reference to a volume of 40 mL): 
30 5.26 g sodium chloride; 2.22 g sodium acetate; 5.02 g sodium 

gluconate; 0.37 g potassium chloride; 0.14 g magnesium chloride; 

HgO for IV use qs to 1,000 mL, pH 7.4 ± 0.1. 
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The SAGM solution contained in satellite bag S3 is added to the 
red blood cell concentrate PLP-RBC in the primary bag PB for its 
storage. The primary bag, containing the PLP-RBC and the satellite 
bag SI containing the plasma are disconnected from satellite bags 
5 S2 and S3, which are stored, integrally connected to each other, 
in a platelet tumbler (a rotating machine for platelet 
resuspension during storage) (fig.4). 

The buffy-coat (containing the platelets) contained in satellite 
bag S2 can be stored at room temperature for a maximum of 48 h. If 
10 platelet concentrates are needed the buffy-coat is centrifuged at 
low speed, "so as to concentrate the red blood cells and the 
leukocytes in the lower part of the bag S2, and to collect the 
leukocyte-poor platelet concentrate in the higher part of 
satellite bag S2. The cylinder shape of satellite bag S2 favors a 
15 good separation between the 2 layers above after the soft spin. 
The supernatant PLP-PC is transferred from satellite bag S2 to 
satellite bag S3 (which had been previously emptied of the SAGM 
solution), through filter F, which removes residual leukocytes 
present in the platelet concentrate (fig. 5). 
20 Filter F can be much smaller than traditional cotton wool filters 
for leukocyte removal (2-3 g instead of 17 g) because leukocyte 
contamination of platelet concentrates prepared from buffy-coats 
is much lower than that of platelet concentrates prepared with 
traditional methods, in which centrifugation is carried out on 
25 platelet-rich-plasma instead of platelet-rich-buf f y-coAt. 
Experimental data indicate that the platelet concentrate PLP-PC 
prepared with the above method can be stored in the 
crystalloid/colloid medium for at least 10 days in a bag made of 
polyolefin, or of a plastic material capable of providing a gas 
30 permeability similar to that of polyolefin, with a final pH of 
about 7.0, hypotonic shock response of 50% and morphology score 
according to Kunicki of 220. Moreover, PC prepared with this 
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method and invention have the foilowing parameters after 7 days of 
storage: glucose consumption 1.5 m»ol/L/lo9 platelets (compared to 
2.8 of PC prepared in the .ediu. of G. Bock), and lactate 
production of 3.56 .boI/L/109 platelets (compared to 6.09 of PC 
5 prepared in the »ediu» of Rock). Both parameters suggest better 
platelet quality in our medium. In addition, platelet aggregation 
is better in our medium compared to that in the medium of Rock. 
These excellent results are mainly due to the crystalloid/colloid 
medium, or which a preferential composition has been given above. 
10 in which a crystalloid solution is mixed with a small amount of 
plasma (natural colloid) present in the buffy-coat, from which the 
platelet concentrate is prepared. 

The above procedure for the preparation of platelet concentrates 
from buffy-coats (BC) and their storage in crystalloid/colloid 
15 medium can be also used with buffy-coats prepared from traditional 
blood collection bags, e.g. by using a triple bag «ade of a 
primary bag and 2 satellite bags, in which the red blood cell 
concentrate, the plasma and the buffy-coat are collected, 
respectively. 

20 In this case 6-8 buffy-coats prepared with the methods above or 
similar are collected in a transfer bag of about 600 aL volume, 
containing about 350 mL of the previously described crystalloid 
solution. After soft spin, the platelet-rich supernatant is 
transferred through a small (2-3 g) cotton wool filter F into a 

25 transfer bag of about 1000 .L volume, with the same 
characteristics of previously described bag S3, where it is then 
stored. 

The procedure described in this invention offers the following 
advantages, in addition to those already reported, in comparison 
30 to traditional procedures: 

- leukocyte contamination of platelet concentrates is below 
detectable limits in all platelet concentrates, which implies a 
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aeries of outstanding advantages for the patients; 

- platelet Betaboliem can be conditioned by nodifying the storage 
■edium with the addition of possible additives; 

- there is no need to follow ABO conpatibility between donor 
5 plasma and recipient red cells, due to the small amount of plasma 

present in the platelet concentrates; 

- more plasma can be recovered from standard blood donations; 

- it is possible to prepare platelet concentrates only upon 
reQuest, 8*0 reducing the workload; 

10 - the procedure favors the routine production of buffy-coat 
deprived red**blood cell concentrates (which are of better quality 
than standard red blood cell concentrates), since it is baaed on 
the avalability of buffy-coats. 

Moreover, the crystalloid solution does not contain glucose, thus 
15 reducing the potential risk of bacterial contamination of PLP-PC. 
The above advantages are supported by a series of in-vitro and in- 
vivo evaluations of platelet concentrates prepared from buffy- 
coats and stored in medium. A set of these evaluations is reported 
below. 

20 We compared platelet concentrates prepared from pools of buffy- 
coats removed from standard blood donations and stored in the 
crystalloid solution described above (BCS-PC), with standard 
platelet concentrates, prepared from platelet-rich-plasma (PRP- 
PC). Total cell counts (median and range, n=43) in BCS-PC units 

25 were: platelets 3.6 x 10^^ (2.2-5.5), leukocytes 21 x 10^ (4-79); 
values of PRP-PC units {n=23) were: platelets 0.64 x lo" (0.47- 
0.83); leukocytes 148 x 10^ (3-611). Since one BCS-PC unit was 
prepared from 7 blood donations, a meaningful comparison of PRP-PC 
and BCS-PC data can be made by multiplying PBP-PC data by 7. Both 
30 platelet and leukocyte counts of BCS-PC were significantly lower 
than those of 7 PBP-PC. Platelet yield in BCS-PC and PRP-PC was 59 
and 75 percent of donated platelets, respectively. Median number 
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of total leukocytes in 1 BCS-PC unit, prepared froi a pool of 7 
buffy-coats, was 50 times lower than that of 7 PRP-PC. In vitro 
parameters of adequate platelet quality were maintained for 10 
days in BCS-PC stored in 1000 .L polyolefin bags. Prolonged 
5 bleeding times were reduced or corrected in 3 of 3 
thrombocytopenic leukemic patients evaluated before and after 
transfusion of stored BCS-PC. Pretransf usion, 1-h and 24-h 
posttransfusion median platelet counts of 57 leukemic recipients 
during 4 months of routine transfusion of BCS-PC {n=93) were 14, 

10 35, and 27 x IOVl. compared with 13, 37 and 31 x.IoVl of PRP-PC 
(n=246), respectively (p=n8). No reactions to BCS-PC were 
reported, compared with a reaction rate of 1.3 percent for PRP-PC 
transfusions. The median (and range) titer of ABO agglutinins in 
BCS-PC and PRP-PC was 8 (2-8) and 64 (32-128), respectively. A 

15 detailed description of the results is reported in tables 1-3. 
In vitro evaluation of BCS-PC and PRP-PC during storage is 
reported in table 1. 

It can be seen (section A) that in vitro parameters of adequate 
platelet quality (pH above 6.0, morphology score above 200) were 

20 maintained in BCS-PC for at least 10 days of storage in 1000 .L 
polyolefin bagsj at this time the platelet response to hypotonic 
shock (HSR) , a parameter related to platelet recovery and survival 
in normal volunteers, was still above 80 percent of values at day 
1. This was not so for BCS-PC stored in 1000 mL PVC bags (section 

25 B), in which the median pH value was below 6.0 at day 3. This was 
associated with a complete loss of HSR and a marked deterioration 
of platelet morphology. Similarly to other reports, PBP-PC stored 
in PVC satellite bags of 400 mL volume showed adequate quality 
preservation for at least 5 days (section C). On day 1, PO2 values 

30 of BCS-PC in 1000 mL bags were about 2 times higher than those of 
PHP-PC in 400 mL bags, as expected on the basis of both a larger 
bag and a smaller platelet concentration in the former. Platelet 
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quality during storage in PVC deteriorated acre rapidly in BCS-PC 
than in PRP-PC. A contributory cause could have been the smaller 
ratio between bag surface area and PC volume in the forner, 
determining a less efficient gas transport during storage. Oxygen 
5 consumption for aerobic metabolism, which is more favorable than 
anaerobic for PC preservation during storage, was maintained 
longest in BCS-PC stored in polyolefin, as indicated by the 
slowest PO2 rise. 

Results oFin-vivo study are reported in Table 2 and 3, 
10 PUot phq^e . Pretransfusion. 1-h and 24-h posttransfusion platelet 
counts and p*ercent recovery values obtained in "stable" leukemic 
recipients are reported in table 2. It can be seen that values of 
BCS-PC stored for 1-8 days were similar to those of PRP-PC stored 
for 1-3 days. Bleeding time (reference values 2-7 min) was reduced 
15 after BCS-PC transfusion in 3 of 3 patients evaluated, dropping 
from more than 30 to 9 min (6-day old BCS-PC containing 3.0 x 10^^ 
platelets), from 25 to 5 min (4-day old BCS-PC containing 2.8 x 
10^^ platelets), and from 22 to 6 min (8 day old BCS-PC containing 
3.1 X 10^^ platelets). On these 3 occasions pre- and 1-h 
20 posttransfusion platelet counts were 17-43, 16-56 and 16-39 x 

q 

10 /L, respectively. 

Routine phase. A total of 448 and 129 platelet transfusions were 
issued as 1-3 day-old PRP-PC and 1 day-old BCS-PC, respectively, 
to 57 leukemic patients. This group included all hematological 

25 patients transfused with platelet concentrates in the study 
period. Pretransfusion, 1-h and 24-h posttransfusion platelet 
count and percent recovery, available on 55 percent (PRP-PC) and 
72 percent (BCS-PC) of occasions, are reported in table 3. 
Increments of BCS-PC were not significantly different from those 

30 of PRP-PC. No reactions were reported for BCS-PC, compared with 6 
for PRP-PC; of these, 2 were febrile and 4 allergic. 
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Ishls — 1 storage. 



Oa, PH ^ PCO3 HSB 

"g> W (X of day 1) 



A> gCS-pC unit^ stored in 1000 »L nnWnl^ f in bA.fa fT ,=tf) 

1 6.9 87 23 62 311 mn 

(6.7-6.9) (70-109) (20-31) (39-68) (250-333) 

3 6.9 73 26 64 273 95 

5 t^-J-ll^Hei-llS) (19-36) (46-57) (230-306) (75-100) 

10 ^^•*-?-9n40-123)(19?39) (42^0) (215!|97) (73?^6) 

10 6.7 101 25 51 203 ai 

(6.3-7.0M76-145)(20-36) (33-69) (185-260) (71- 93) 

IS 6-9 122 17 31 180 7fi 

(5.8-7.2)(65-175)( 9-27) ( 0-60) (105-280) (68-81) 

BCS-PC units storpri in 1000 mL PVC ha^^ (n=R) 

1 6.8 90 27 50 312 ion 

(6. 7-6. 9) (82-124) (18-31) (42-67) (270-329) 

3 5.9 148 37 0 160 92 

(5.8-6.5)(71-161)(24-69) (0-69) (142-231) (88- 97) 

PRP-PC units storpH i n 400 mT. PVC bagg (n=in) 

1 7.0 40 56 

(6.7-7.1)(28-149)(19-90) 
3 7.0 47 46 

(6.2-7.2) (16-81) (34-77) 
5 7.0 58 42 

(5.6-7.1)(13-154)(16-48) 
10 6.6 86 35 

(5. 5-7. 0X50-199) (13-42) 
15 6.1 181 14 

(5. 7-6.8) (123-201) (6-28) 



55 


260 


100 


(30-69) 


(210-331) 




51 


226 


100 


(36-56) 


(122-331) 


(100-100) 


47 


208 


100 


(0-60) 


(92-263) 


(81-100) 


21 


167 


94 


(0-40) 


(71-195) 


(88- 97) 


0 


107 


72 


(0-9) 


(73-154) 


(60- 94) 
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receiving both BCS-PC and PRP-pS. leukemic patients 



Type Storage ^^'fx^tJ^/Lr' " 

Of D i 1^ recovery 



BCS-PC 


1 


1000 bL 


13 






PVC 


(9-20) 


BCS-PC 


4-^8 


1000 bL 


17 


n=8 




polyolefln 


(9-21) 


BC3-PC 


9-12 


1000 bL 


10 


n=5 




polyolefln 


(5-21) 


PRP-PC 


1- 3 


400 bL 


16 


n=15 




PVC 


(4-29} 



, 42 34 59 44 

(23-56J (28-46) (19-81) (28-62) 

43 33 50 36 

(16-56) (12-40) (0-102) ( 0-54) 

43 21 73 11 

(13-91) (12-28) (17-161) ( 7-40) 

50 37 49 30 

(10-92) (14-79) (0-102) ( 0-92) 



laM£_2. In vivo study; routine phase. Median (and range) platelet 
counts and percent rernv^w 4« k7 u ^ i . laaigc; pxateiet 

platelet trSusL durir/4 1^^^^^ receiving 
and PRP-PC. auring 4 aonths of routine use of both BCS-PC 



Type Storage 
of 

PC Days Bag 



Platelet count 
(x lOVL) 
Pre- Posttransfusion 
1-h 24-h 



Platelet in vivo 

recovery 
(X of expected) 
1-h 24-h 



BCS-PC 1 
n=93 



1000 bL 14 
PVC (2-40) 



35 
(7-83) 



27 
(3-64) 



PBP-PC 1- 3 400 bL 
n=246 PVC 



13 
(1-69) 



37 31 
(4-114) (1-137) 



40 22 
(0-103) (0-98) 

31 20 
(0-110) (0-124) 



It is eBphasized that the invention is not limited to the 
particular description reported above and in the enclosed figures, 
but it can »e modified in several Binor parts within the scope ot 
the invention. 
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1. A .ethod for the preparation and storage of plasma- and 
leukocyte-poor platelet concentrates fro. buffy-coats. which 
ccprises the transfer of at least 1 buffy-coat into a bag (S2) 
5 containing a synthetic crystalloid solution (which is diluted with 
the plaa.a contained in the buffy-coat so as to constitute a 
coUold/crystalloid .ediu- for platelet storage), the soft spin of 
the bag (S2) and the transfer of the supernatant PLP-PC formed 
after cent^ifugation into a (S3) bag «uie of polyolefin or of 
10 plastic material with gas permeability similar to polyolefin. 
through a colton wool filter (F) of 2-3 g, so as to remove 
residual leukocytes contained in the platelet concentrate. 
2. A method as claimed in claim 1, wherein the above bag S2 has an 
elongated, cylinder shape. 
15 3. A process according to claim 1, wherein 1000 mi. of said 
synthetic crystalloid solution contain 5.26 gr sodium chloride. 
2.22 gr sodium acetate, 5.02 gr sodium gluconate, 0.37 gr 
potassium chloride. 0.14 gr magnesium chloride. H^O for I.V. use 
qa to 1000 ml and wherein said crystalloid solution has a pH of 
20 7.4 + 0.1. 

4. A process according to claim 1, wherein 6-8 BC obtained fro. as 
many donations are transferred into the bag (S2). 

5. A process according to claim 1, wherein the PLP-PC are stored 
in a synthetic crystalloid / natural colloid solution, comprising 

25 the crystalloid medium of bag (S2) and the plasma' of each BC 
(about 20-40 .1 of plasma in a BC volume of 25-50 ml). 

6. A process according to claim 1, wherein the BC are separated in 
a TOltiple bag for the preparation and storage of PLP-PC and PLP- 
EBC (plasma- and leukocyte- poor BBC concentrates), e.g. in a 

30 quadruple blood bag comprising a primary bag (PB) and three 
satellite bags (SI), (S2), (S3). 

7. A process according to claim 6, comprising: 
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collecting the blood in a primary bag (PB) containing CPD 
anticoagulant, centrifuging at high speed said primary (PB) bag, 
tranferring the supernatant plasma into the bag (32) containing 
tha crystalloid solution, and tranferring the SAGM solution of bag 
5 S3 into the (PB) bag containing PLP-RBC. 



30 
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